A 53-year-old male presented with a case of prolactin-producing pituitary adenoma with abundant spherical amyloid depositions masquerading as extensive calcification and manifesting as visual disturbance. Computed tomography revealed a large high density mass suggesting calcified tumor in the intra-and supra-sellar regions. Magnetic resonance imaging revealed a heterogeneously enhanced large pituitary tumor reaching lateral ventricle. Blood prolactin level was elevated to 5971 ng/ml. Cabergoline treatment for 3 months provided considerable shrinkage of the tumor but failed to improve the visual symptoms. Transcranial surgery revealed that the tumor was fibrous and included abundant grayish translucent spherical granules with diameter of 0.5-1.5 mm. Immunohistochemically, the tumor was strongly positive for prolactin. Congo red stain and polarized light showed that these spherical bodies were amyloid depositions. No calcification was noted.
Introduction
Amyloid is known to accumulate in normal and neoplastic endocrine tissue secreting peptide hormones. Amyloid deposit in a pituitary adenoma was first described in 1972. 1) Pituitary adenoma is a peptide hormone-secreting tumor known to show accumulation of amyloids in 71% of cases, as the more common stellate/perivascular and rare spherical types. The stellate/perivascular type occurs in all endocrine types of pituitary adenoma and is characterized Fig. 1 A: Computed tomography (CT) scan revealing an intraand supra-sellar high density lesion appearing to be extensively calcified. B: Bone density CT scan showing that the tumor included numerous small high density spots. Fig. 2 Magnetic resonance images revealing a large 45 × 25 × 25 mm pituitary adenoma containing a cyst reaching lateral ventricle, appearing as mixed iso-hypointensity to the white matter on the T 1 -weighted image (A) and mixed hypo-isointensity on the T 2 -weighted image (B), with heterogeneous enhancement (C). Abundant hypointensity spots are also shown by meticulous observation (A, B). by stellate, intercellular, and perivascular deposits, whereas the spherical type, a rare entity almost exclusively encountered in prolactin (PRL)-producing adenomas, occurs as many spheroid accumulations with variable diameters (40-1500 mm). 14, 20) We describe a case of a large prolactinoma with abundant spherical amyloid depositions appearing as high density spots on computed tomography (CT) mimicking extensive calcification.
Case Report
A 53-year-old man was referred to our department with complaints of headache and blurred vision. Perimetry revealed left homonymous hemianopia. CT revealed an intraand supra-sellar tumor including abundant high density spots resembling calcifications (Fig. 1 ). Magnetic resonance (MR) imaging revealed a large pituitary adenoma 45 mm in height extending up to the lateral ventricle with a cystic component at its top (Fig. 2) . MR imaging showed the tumor as mixed iso-hypointense to the white matter on T 1 -weighted imaging ( Fig. 2A ) and mixed hypo-isointense on T 2 -weighted imaging (Fig. 2B) , with heterogeneous enhancement (Fig. 2C) . T 1 -and T 2 -weighted MR imaging also displayed abundant hypointense spots.
Hormonal analysis revealed extreme elevation of blood PRL concentration to 5971 ng/ml. Cabergoline was given with an initial dose of 0.5 mg/week and increased up to 2 mg/week. MR imaging after 3 months of cabergoline treatment showed remarkable reduction of tumor size (Fig. 3) . The PRL level had also decreased to 92.7 ng/ml. However, his visual function did not improve. Tumor removal and decompression of the optic nerve/chiasma was attempted through the interhemispheric approach. However, only partial removal was possible because of the fibrous texture of the tumor. Abundant translucent whitish spherical accumulations, around 0.5-1.5 mm in diameter (Fig. 4A), were found in the tumor. The tumor had penetrated the right optic tract and the bilateral optic nerves were displaced to the sellar floor. The visual field defect did not change after the surgery. Postoperative cabergoline treatment continued to provide good control of the tumor size and PRL levels.
Histological examination revealed that the tumor consisted of small groups of hypotrophic adenoma cells, generally chromophobic with nuclear pleomorphism, scattered against fibrous hyaline stroma, and abundant round and amorphous eosinophilic material (200-1500 mm) (Fig. 4B) . The round bodies were stained positively with Congo red and showed birefringence under polarized light, indicative of amyloid (Fig. 4C, D) . The amyloids were surrounded by loose connective tissue and fibroblasts infiltrated by lymphocytes and macrophages. Malory-Azan staining showed increased reticulin fibers surrounding the hypotrophic adenoma cells (Fig. 4E) . Calcification was not observed by either hematoxylin and eosin or von Kossa staining. Immunohistochemical staining showed that the adenoma cells were strongly positive for PRL (Fig. 4F) . The spherical bodies were also positive for PRL (Fig. 4F) . The MIB-1 index for this tumor was around 5%.
Discussion
In our case, the abundant spherical bodies observed during surgery were proven to be accumulation of amyloid. The size and distribution of the amyloid bodies roughly coincided with the high density spots on preoperative CT, which were interpreted as calcifications. Hematoxylin and eosin or von Kossa stain did not show any type of calcification. Therefore, we determined that these granular high density spots on CT were amyloid bodies. Bone image CT indicated that the density of the granular materials was much lower than that of bone density.
Amyloid deposits are caused by twisted b-plated sheet fibril accumulation forming micellar structures of bprotein. 7) The pathogenesis of amyloid deposition in prolactinoma is still unknown. Amyloid fibril proteins are known to be fragments of larger protein precursors. 2, 4, 23) Synthetic peptides of PRL can form amyloid fibrils in vitro. 23) Electron microscopy identified non-membranelimited fibrils in neoplastic cells in a prolactinoma with spherical amyloid bodies, suggesting that these intracellular fibrils are the intracellular source of amyloid. 12) Spherical amyloid deposits in prolactinoma are generally positive for PRL in immunohistochemical staining as in our case. [3] [4] [5] 11, 12, 17, 19, 24) Further, amyloid deposition in pituitary adenoma has been associated with local conditions suggesting that the amyloid fibrils are produced by adenoma during degeneration. 3, 6, 12, 17, 18, 24) Therefore, we suggest that deposition of amyloid may be related with the PRL synthesis process and may be enhanced by naturally developed degenerative change in prolactinoma, as seen in our case. Another possibility is that mesenchymal histiocytes produce the amyloid by unknown processes and accumulation is enhanced by dopamine agonist therapy. 5, 12, 20, 24) In our case, the 3-month period of preoperative administration of cabergoline, a long-acting dopamine agonist, was relatively short. Moreover, CT demonstrated high density spots before the drug therapy. Therefore, the amyloid deposition did not seem to be related to cabergoline treatment in our case.
Materials with high protein concentration appear as hyperdense on CT. 21, 22) Some intracranial cystic tumors including Rathke's cleft cyst and epidermoid cyst appear as hyperdense on CT due to high protein levels. 16, 21) Spherical amyloid in pituitary adenoma contained an abundance of 4-kDa peptides. However, two previous reports on CT findings of amyloid deposited in pituitary adenoma showed decreased attenuation of the tumor. 12, 13) This discordance may be attributed to differences in the size and population of spherical amyloid bodies. Our case consisted of adenoma tissue containing abundant large, 0.5-1.5 mm in diameter, spherical amyloid bodies. Characteristic MR imaging findings of amyloid deposits include low intensity on T 1 -weighted images and even lower intensity on T 2 -weighted images relative to the gray matter. 17) These findings are concordant with our case.
Twenty-five cases of histologically proven spherical amyloid body in pituitary adenoma have been reported. [3] [4] [5] [6] [8] [9] [10] [11] [12] [13] [14] [15] [17] [18] [19] [20] 24) All tumors except one growth hormone (GH)-producing adenoma 18) were prolactinoma. The 9 male and 16 female patients were aged from 21 to 71 years. The tumor size was described in 9 cases, ranging 10-45 mm (mean ± standard deviation [SD], 17 ± 10.03). Patients with prolactinoma showed blood PRL levels ranged from 2.4 to 33000 ng/ml (mean ± SD, 3592.8 ± 7628.8). Symptoms of hyperprolactinemia such as menstrual disturbance, libido, and fertility problems were recorded in most patients with prolactinoma, and 4 patients suffered from headache and blurred vision. The deposits measured between 40 and 1500 mm and were usually immunopositive for PRL, and were positive for both GH and PRL in two tumors. Neither PRL nor GH was detected in the deposits in three tumors.
The primary treatment for prolactinoma is medical therapy with dopamine agonist, which generally dramatically reduces PRL level and tumor size with acceptable adverse effects. In our case, short-term cabergoline administration provided remarkable decrease of PRL level and tumor size. However, the visual field defect did not improve, although the patient reported transient hazy vision during the treatment. Surgical exploration revealed that the tumor had penetrated the right optic tract and both optic nerves were displaced to the sellar floor. Reduction of tumor volume did not improve his visual function, but even transient deterioration might have occurred due to the sinking of the optic chiasm and nerves associated with descent of the tumor. Fortunately, reinstitution of cabergoline treatment has induced steady decrease of the PRL level and tumor size without further deterioration of vision.
The present case of large prolactinoma was packed with innumerable spherical amyloid deposits, which appeared as high density granules on CT and mimicked extensive calcification. The amyloid deposition did not seem to be related to the preoperative cabergoline treatment.
